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DEVICE AOTT method FOR SAVING TRACTION ENERGY IN RAIL 

VEHICLES 

CLAIM FOR PRIORITY 

This is the national stage of PCT/DEOO/03320 filed 20 
September 2000 which claims priority to German application 
19946224.0 filed on 22 September 1999. 

TECHNICAL FIELD OF THE INVENTION 

The invention relates to a system and method for a rail 
vehicle, and in particular, to a system and method for saving 
traction energy in rail vehicles. 

BACKGROUND OF THE INVENTION "^i-, \r> 

A device known from U.S. Patent No. 5,239, 472 is used 13®-^ ^ 
save traction energy in rail vehicles. This device has a ^ 



microprocessor as the control unit, which uses a location 
measured value, which is detected by a distance measurement 
device, and route data, which is stored in a memory (storage) , 
to determine the distance between the rail vehicle and the 
respective next stop. The microprocessor uses a measured time 
measured value, which indicates the respective real time, and a 
predetermined stored timetable to determine the traveling time 
remaining before the rail vehicle reaches the next stop. The 
microprocessor then uses the distance value and the remaining 
traveling time, taking into account the respective speed of 
travel and taking into account the coasting behavior of the rail 
vehicle, to calculate that time - referred to as the recommended 
drive switching-of f time in the following text - from which the 
rail vehicle can reach the respective next stop without being 
driven - that is by coasting or by being braked - in accordance 
with the timetable. The control unit is connected to an output 
device in the form of an indicating device. The indicating 
device is driven by the control unit such that it indicates the 
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term "coast" to signal the time from when the drive for the rail 
vehicle can be switched off. In the known device, the route data 
and the predetermined timetable are transferred from a 
computation unit on the track side to the rail vehicle, where 
they are stored permanently, before the rail vehicle is brought 
into use. Thus, the known device is an energy-saving device 
which indicates the time from when the next stop can be reached 
in accordance with the timetable without being driven, and thus 
without consuming energy, using the respective kinetic energy of 
the rail vehicle. 

SUMMARY OF THE INVENTION 

The invention relates to a device for a rail vehicle having 
a control unit which uses a measured location measured value, 
which indicates the location of the rail vehicle, and 
predetermined, stored route data, to determine the distance of 
the rail vehicle from the respective intended next stop. The 
device uses a measured time measured value, which indicates the 
respective time, and a predetermined stored timetable to 
determine the remaining traveling time to the next stop. The 
device forms a recommended drive switching-of f time taking 
account of the determined distance, the determined remaining 
traveling time, a speed measured value which indicates the speed 
of the rail vehicle and predetermined coasting data which 
describes the coasting behavior of the rail vehicle when the 
drive is switched off, from which drive switching-of f time the 
rail vehicle will reach the intended next stop on time in 
accordance with the respective timetable without being driven. 
An output device, which is connected to the control unit, is 
driven thereby, and produces a switching-of f signal which 
indicates the recommended drive switching-of f time. 



SUBSTITUTE 
SPECIFICATION 

- 3 - 

According to an aspect of the invention, discrepancies 
between the actual vehicle behavior and the recommended vehicle 
behavior can be detected reliably . 

According to one aspect of the invention, the device has a 
data input at which an actual value signal, which indicates the 
actual drive switching-of f time, can be entered into the device, 
with the actual drive switching-of f time indicating that time at 
which the drive was actually switched off after production of 
the switching-of f signal. The control unit has a memory which 
stores the actual drive switching-of f time and the respective 
associated, recommended drive switching-of f time, for 
evaluation . 

One advantage of the device according to this aspect of the 
invention is that it possible to detect discrepancies between 
the actual vehicle behavior of the rail vehicle and the 
recommended vehicle behavior. This is because the device 
according to this aspect of the invention has a data input at 
which an actual value signal, which indicates the actual drive 
switching-of f time, can be entered into the device. When this 
actual value signal is present, the control unit of the device 
according to this aspect of the invention can thus store the 
actual drive switching-of f time and the calculated recommended 
drive switching-of f time and/or data signals which indicate 
these times, in its memory, for subsequent evaluation. 

According to another aspect of the invention, to allow 
discrepancies in the vehicle behavior to be determined 
quantitatively in the device, the control unit is designed such 
that it forms a time difference value by forming the difference 
between the actual drive switching-of f time and the respectively 
associated recommended drive switching-of f time. 

In some circumstances, a situation may arise in which the 
rail vehicle driver does not switch off the drive to the rail 
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vehicle without delay despite appropriate signaling by the 
switching-of f signal from the output device^ so that a 
considerable time difference occurs between the recommended 
drive switching-of f time and the actual drive switching-of f 
time, and the desirable energy saving from switching off the 
drive is reduced or, in some circumstances, is even largely 
cancelled out. In order to signal this to the rail vehicle 
driver, according to an aspect of the invention, the control 
unit has an output and is designed such that it produces a 
warning signal at its output when the time difference value 
exceeds a predetermined threshold value. According to this 
aspect of the invention, the rail vehicle driver is made aware 
of the time delay, so that he can specifically improve his 
driving behavior. If, on the other hand, the delay is due to a 
technical reason in the rail vehicle, then, if the warning 
signals occur once or more, the device and/or the drive 
controller for the rail vehicle should be technically inspected 
and/or serviced. 

According to yet another aspect of the invention, the 
control unit is designed such that it forms a delay value using 
at least the most recently formed time difference value, and 
determines the most recent recommended drive switching-of f time 
furthermore taking into account the delay value which has been 
formed. The switching-of f signal is formed using a delay value. 
The delay value advantageously allows, for example, the reaction 
time (which is always present) of the rail vehicle driver to be 
taken into account, with this being the time which passes 
between the occurrence of the switching-of f signal and the rail 
vehicle driver producing the actual switching-of f command. 
Specifically, if this reaction time is taken into account, then 
minimum or optimum energy consumption can be achieved despite 
the unavoidable occurrence of this delay time. 
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The preferable drive switching-of f time can be obtained in 
a particularly simple, and hence advantageous manner, using the 
delay value if the control unit is designed such that it first 
calculates an auxiliary switching-of f time, taking account of 
the determined distance, the determined remaining traveling 
time, a speed measured value which indicates the speed of the 
rail vehicle, and predetermined coasting data, which describes 
the coasting behavior of the rail vehicle when the drive is 
switched off, from which auxiliary switching-of f time the rail 
vehicle will reach the intended next stop on time in accordance 
with the respective timetable without being driven, and then 
forms the difference between the auxiliary switching-of f time 
and the delay value to determine an advanced drive switching-of f 
time, and treats the advanced drive switching-of f time as the 
recommended drive switching-of f time. 

In order to achieve short traveling times for the rail 
vehicle overall, it is preferable to avoid the rail vehicle 
coming to rest just by coasting to the stop since, specifically, 
in some circumstances coasting at very low speeds may cost a 
large amount of time. For this reason, the rail vehicle is 
generally braked in accordance with a predetermined braking 
profile on reaching a minimunspeed. Irorder to take account of 
this situation, according to an aspect of the invention, the 
control unit is designed such that it determines the recommended 
drive switching-of f time by additionally taking into account a 
predetermined braking profile and a predetermined minimum speed 
which, if undershot, would result in the rail vehicle being 
braked in accordance with the predetermined braking profile when 
it is approaching the next stop without being driven. 

The invention also discloses discrepancies between the 
actual vehicle behavior and the recommended vehicle behavior 
detected reliably. 
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According to another aspect of the invention, there is an 
evaluation device which is connected to a data output, which 
reads the stored actual drive switching-of f time and the 
respective associated, recommended drive switching-of f time, and 
forms a time difference value by forming the difference between 
the actual drive switching-of f time and the associated 
recommended drive switching-of f time. The evaluation device may, 
in this case, be an evaluation device on the track side which, 
for example, is connected via a wire link or a radio link to the 
data connection of the device according to the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an exemplary embodiment of a device 
according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a device 5 for a rail vehicle, which is not 
illustrated, with a control unit 10, having one of inputs ElOA 
connected to a measurement device 15. The measurement device 15 
may be, for example, an odometer which uses the wheel 
revolutions of the rail vehicle to determine the respective 
speed of the rail vehicle and the distance which has already 
been traveled in each case, and hence to determine the 
respective location S of the rail vehicle. A timer, which is in 
the form of a clock 20, and transmits the respective real time t 
as a time measured value to the control unit 10, is preferably 
arranged upstream of the control unit 10, at a further input 
ElOB of the control unit 10. 

An additional input ElOC of the control unit 10 is 
preferably connected to a memory 25, in which route data and a 
timetable with which the rail vehicle is bound to comply are 
permanently stored. Furthermore, the memory 25 includes coasting 



SUBSTITUTE 
SPECIFICATION 

- 7 - 

data AD, which describes the coasting behavior of the rail 
vehicle when the drive is switched off. The coasting data AD may 
be, for example, previously measured data, which has been 
measured in advance while the rail vehicle was coasting, that is 
with the drive switched off. 

The control unit 10 furthermore may have a supplementary 
input ElOD, at which an actual value signal Si, which indicates 
the actual drive switching-of f time, can be applied to the 
control unit 10. The supplementary input ElOD of the control 
unit 10 at the same time forms a data input E5 for the device 5. 

The control unit 10 may also be equipped with a data output 
DIO, at which data and/or data signals which is or are stored in 
a memory (not illustrated) of the control unit 10 can be read, 
for example using an evaluation device (not illustrated) 
(personal computer or some type of data processing system) . 

One output AlO of the control unit 10 leads to an output 
device 30. 

The device 5 can be operated as follows: 
1. Initial operation of the device 5: 

First, the measurement device 15 and the clock 20 are 
preferably checked by the control unit 10. In the process, a 
location measured value S, which indicates the respective 
location of the rail vehicle, a speed measurement variable V, 
which indicates the respective speed of the rail vehicle, and a 
time measured value T, which indicates the respective real time 
are transmitted to the control unit 10. 
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The control unit 10 then preferably reads from the memory 
25, as route details or route data, the location SO of the 
respective next stop and a nominal arrival time tO. The nominal 
arrival time tO in this case indicates the real time at which 
the rail vehicle should have reached the respective next stop. 
Furthermore, the control unit 10 checks the coasting data AD 
stored in the memory 25. 

A recommended drive switching-of f time tab^nom is then 
determined from the nominal arrival time tO, the location 
measured value S, the location SO of the next stop, the speed V 
and the coasting data AD for the rail vehicle, from which 
recommended drive switching-of f time tab,nom the rail vehicle 
will reach the next stop with its drive switched off, utilizing 
its kinetic energy and in accordance with the modified 
timetable. 

In order to achieve short rail vehicle traveling times 
overall, it is generally necessary to avoid the rail vehicle 
coming to rest just by coasting to the stop, since, 
specifically, coasting at very low speeds may in some 
circumstances cost a large amount of time. For this reason, once 
its speed falls below a predetermined minimum speed, the rail 
vehicle is generally braked in accordance with a predetermined 
braking profile. In order to take account of this situation, it 
is also possible to provide for the recommended drive switching- 
of f time tab,nom to be determined in the computation unit 10 
while also taking into account the predetermined braking profile 
and the predetermined minimum speed. 

The way in which the recommended drive switching-of f time 
tab,nom can be determined using these input parameters - that is 
the nominal arrival time tO, the location measured value S, the 
location SO of the next stop, the speed V and the coasting data 
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AD, possibly together with any predetermined minimum speed and 
any predetermined braking profile - is described in detail in 
the US Patent No. 5,239,472. The content of the M72 patent is 
hereby incorporated by reference. 

Once the recommended drive switching-of f time tab,nom has 
been determined, it is stored in the memory, which is not 
illustrated, of the control unit 10. Furthermore, the control 
device 10 forms a drive signal ST for the output device 30. The 
output device 30 then preferably produces a switching-of f 
signal, which indicates the drive switching-of f time. As in the 
case of the already known device mentioned initially, the 
switching-of f signal may be, for example, a visual indication 
which, by displaying the term "coast", signals that the coasting 
process can be started. Instead of this, this may also be an 
indication which displays or indicates the drive switching-of f 
time visually and/or audibly in the form of a time indication . 

Once the device 5 has produced the switching-of f signal, it 
then waits at its data input E5 for an actual value signal Si 
which indicates the actual drive switching-of f time tab, act. 
The actual value signal thus indicates when the drive of the 
rail vehicle was actually switched off by the rail vehicle 
driver. An actual value signal Si such as this may be produced, 
for example, by a monitoring device which is not shown in the 
figure, is connected to the data input E5 of the device 5 and to 
the drive of the rail vehicle, and 

in each case forms a logic output signal with a logic 
"1" as the actual value signal Si, and emits this to the device 
5, when the drive of the rail vehicle is switched off, and which 

in each case forms a logic output signal with a logic 
"0" as the actual value signal Si, and emits this to the device 
5, when the drive of the rail vehicle is switched on. 



SUBSTITUTE 
SPECIFICATION 

- 10 - 

The device 5, or the control unit 10, then uses a signal 
change from a logic "0" to a logic "1" to identify the fact that 
the drive of the rail vehicle has been switched off; the time of 
the signal change thus corresponds to the actual drive 
switching-of f time tab, act. Since the actual drive switching-of f 
time tab, act is contained as information (signal change) in the 
actual value signal Si, the reference symbol tab, act has been 
applied to the input E5 of the device 5 in the figure. 

The control unit 10 stores this actual drive switching-of f 
time tab, act in its memory, and then uses the actual drive 
switching-of f time tab, act and the recommended drive switching- 
of f time tab,nom to form, by subtraction, a time difference 
value At : 

At = tab, act - tab,nom. 

The control unit 10 then compares the time difference value 
At with a predetermined threshold value which, for example, may 
be one second, and produces a warning signal WS at its output 
AlO if the time difference value At is greater than the 
predetermined threshold value. The warning signal Ws is then 
emitted in suitable form, for example visually or audibly, by 
the output device 30. 

Furthermore, the control unit 10 uses the time difference 
value At to form a delay value V in accordance with 

V = a * At 

where a is a factor between zero and unity. The following 
section explains how the factor a can be chosen. 
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The delay value V is stored by the device 5, for example in 
the memory 25- 

2. Further operation of the device 5 once a delay value V 
has been determined and has been stored in the device 5: 

If a stored delay value V is already available, the 
procedure for forming the switching-of f signal is different to 
that described above. This is because, in addition, the stored 
delay value V, as determined in the respective previously 
carried out drive switching-of f cycle, is also taken into 
account in the calculation of the recommended drive switching- 
of f time. Specifically, an auxiliary switching-of f time is 
initially determined once for this purpose, to be precise using 
the nominal arrival time tO, the location measured value S, the 
location SO of the next stop, the speed V and the coasting data 
AD, possibly together with any predetermined minimum speed and 
any predetermined braking profile. The auxiliary switching-of f 
time is in this case determined in the same way as the 
determination of the recommended switching-of f time when no 
delay value V is yet available or has yet been stored (see the 
description relating to item 1, Initial operation of the device 
5) . 

The recommended drive switching-of f time tab,nom is then 
formed in the control unit 10 using the auxiliary switching-of f 
time and the delay value V using; 

tab,nom = taux - V 

where taux denotes the auxiliary switching-of f time. 

The recommended drive switching-of f time tab,nom is thus 
advanced by the time interval which is defined by the delay 
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value V, considered figuratively, with respect to the actually 
"correct" auxiliary switching-of f time taux. If the factor a is 
in this case equal to unity, then this means that the drive 
switching-of f time is advanced by the time difference value At; 
the factor a = 1 should thus be chosen when it can be assumed 
that the reaction time of the rail vehicle driver is largely 
constant. If, however, it can be expected that the reaction time 
of the rail vehicle driver to the next switching-of f command may 
be shorter than that when the drive was respectively most 
recently switched off, then the factor a should be chosen to be 
somewhat less than unity, in order to avoid the drive being 
switched off too early. 

Once the recommended drive switching-of f time tab,nom has 
been determined, the switching-of f signal is produced in the. 
manner already described in item 1, Initial operation of the 
device 5. 

Furthermore, it is also possible to determine the 
recommended drive switching-of f time taking account of a number, 
or else of all, the respective previously formed time difference 
values. For example, the delay value V can be formed as a mean 
value - or possibly also as a weighted mean value - for this 
purpose : 



V = a * 

I 



where /Sti denotes the stored previously formed time 
difference values and bi denotes weighting factors by means of 
which it is possible, for example, to decide that more recent 
time difference values are taken into account to a greater 
extent than older time difference values. 
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At its data output DIO the control unit 10 emits data 
signals which indicate the actual drive switching-of f time 
tab^act and the respective associated, recommended drive 
switching-of f time tab,nom. These data signals, and hence the 
corresponding times, can thus be read at the data output DIO, by 
a downstream evaluation device. This evaluation device may be, 
for example, a device on the rail side, which is connected via a 
radio link or some other type of data link to the device 5 
and/or to the data output DIG of the control unit 10. 

A statistical evaluation of the data stored in the control 
unit 10 can thus be carried out in the evaluation device; 
specifically, the actual drive switching-of f times tab, act and 
the respective associated, recommended drive switching-of f times 
tab,nom can thus be evaluated, for example in order to check 
whether the device 5 is operating correctly. 
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nonnriPtion b EVICE AND METHOD FOR SAVING TRACTION ENERGY IN 



RAIL VEHICLES 



CLAIM FOR PRIORITY 
This is the national stage of PCT/DEOO/03320 filed 20 
September 2000 which claims pyioritv to German application 
19946224.0 filed on 22 September 1999. 

TECHNICAL FIELD OF THE INVENTION 

Device and method for oaving traction energy in rail 
vehiclco The invention relates to a system and method for a_rail 
vehicle , and in particular , to a system and method for s aving 
traction energy in rail vehicles . 

The invention rclatoo to a device for a rail vehicle having a 
control unit vy/hich uoes a meaoured location meaourcd valuc^ 
which indicateo the location of the rail vehicle;. — aft^ 
predetermined, — atored route data, — to determine the diotancc of 
the rail vehicle from the reopective intended next otop, — ugco a 
measured time meaoured value, v^yhich indicates the reopective 
time, — and a predetermined otored timetable to determine the 
remaining traveling time to the next otop, — and formo a 
recommended drive ovyyitching off time taking account of the 
determined diotancc, — the dctcrminod remaining traveling time,. — a 
opccd meaoured value which indicateo the opccd of the rail 
vehicle and predetermined coaoting data which dcocribco the 
coaoting behavior of the rail vehicle when the drive io ov/itchcd 
off, — from which drive ov/itching - of f time the rail vehicle will 
reach the intended next otop on time in accordance with the 
reopective timetable without being driven, — and having an output 
device, v^rhich io connected to the control unit, — io driven by it, 
and produceo a ov/itching- of f oignal vjhich indicateo the 
recommended drive owitching - of f time. 



BACKGROUND OF THE INVENTION 
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A device ouch ao thio io known from ^U.S. Patent 
Cpccif icQtion N o^ 5,239,472 and is used to save traction energy 
in rail vehicles. This device has a microprocessor as the 
control unit, which uses a location measured value, which is 
detected by a distance measurement device, and route data, which 
is stored in a memory (storage) , to determine the distance 
between the 
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rail- vehicle and the respective next stop. The microprocessor 
furthormoro uses a measured time measured value, which indicates 
the respective real time, and a predetermined stored timetable 
to determine the traveling time remaining before the rail 
vehicle reaches the next stop. The microprocessor then uses the 
distance value and the remaining traveling time, taking into 
account the respective speed of travel and taking into account 
the coasting behavior of the rail vehicle, to calculate that 
time - referred to as the recommended drive switching-of f time 
in the following text - from which the rail vehicle can reach 
the respective next stop without being driven - that is to oay 
by coasting or by being braked - in accordance with the 
timetable. The control unit is connected to an output device in 
the form of an indicating device. The indicating device is 
driven by the control unit such that it indicates the term 
"coast" to signal the time from when the drive for the rail 
vehicle can be switched off. In the ^ already known device, the 
route data and the predetermined timetable are transferred from 
a computation unit on the track side to the rail vehicle, where 
they are stored permanently, before the rail vehicle is brought 
into use. Thus, in summary, the already known device is an 
energy-saving device which indicates the time from when the next 
stop can be reached in accordance with the timetable without 
being driven, and thus without consuming energy, using the 
respective kinetic energy of the rail vehicle. 

SlB^jARY OF THE INVENTION 
The invention io baocd on the object of further developing 
n dovicG of the type doocribcd initially ouch that r elates t o a 
device for a rail vehicle having a control unit which us es a 
measured location measured value, which indicates the loca-bi on 
of the rail vehicle, and predetermined, stored route data, to 
determine the distance of the rail vehicle from the respective 
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intended next s-bop. The device uses a measured time measured 
value, which indicates the respective time, and a predetermined 
stored timetable i--r> determine the remaining trav eling time to 
the next stop. The device forms a recommended drive s witching- 
off time taking account of the determined distan ce, the 
determined remaining traveling time, a speed mea sured value 
which indicates the speed of th e rail vehicle and predetermined 
coasting data which describes the coasting behavior of the rail 
vehicle when the drive is switched off, from which drive 
switching-off time the rail vehicle will reach the int ended next 
stop on time in accordance with the respective timetable wi thout 
being driven. An output device, which is connected to the 
control unit, is driven thereby, and produces a swit ching-off 
signal which indicates the recomjng^rtrf^a drive switchi ng-off time. 

According to an aspect of the invention, discrepancies 
between the actual vehicle behavior and the recommended vehicle 
behavior can be detected reliably by mcQno of thio dcvico.^ 

For a device of the type dcocribcd initially/ — thio object 
in nnh-invnd aoGordina A ccording to one aspect of the invention-4:ft 
thQt^ the device has a data input at which an actual value 
signal, which indicates the actual drive switching-off time, can 
be entered into the device, with the actual drive switching-off 
time indicating that time at which the drive was actually 
switched off after production of the switching-off signal , and 
in that the . The control unit has a memory ifi— which-i% stores 
the actual drive switching-off time and the respective 
associated, recommended drive switching-off time, for 
evaluation. 

One major advantage of the device according to this aspect 
of the invention is that it makoo it possible to detect 
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discrepancies between the actual vehicle behavior of the rail 
vehicle and the recommended vehicle behavior-; — thio. This is 
because the device according to tJiis aspect: of the invention has 
a data input at which an actual value signal, which indicates 
the actual drive switching-of f time, can be entered into the 
device. When this actual value signal is present, the control 
unit of the device according to this aspect of_ the invention can 
thus store the actual drive switching-of f time and the 
calculated recommended drive switching-of f time and/or data 
signals which indicate these times, in its memory, for 
subsequent evaluation . 

In or dor A ccording -bo another aspect of the invention^ to 

allow discrepancies in the vehicle behavior to be determined 
quantitatively in the device according to the invention qo v^cll, 
the invention providco that^ the control unit is designed such 
that it forms a time difference value by forming the difference 
between the actual drive switching-of f time and the respectively 
associated recommended drive switching-of f time. 

In some circumstances, a situation may arise in which the 
rail vehicle driver does not switch off the drive to the rail 
vehicle without delay despite appropriate signaling by mcano of 
the switching-of f signal from the output device, so that a 
considerable time difference occurs between the recommended 
drive switching-of f time and the actual drive switching-of f 
time, and the desirable energy saving from switching off the 
drive is reduced or, in some circumstances, is even largely 
cancelled out. In order to signal this to the rail vehicle 
driver, a firot advantagcouo development of the dcvico according 
to an aspect of the invention propooeo that^ the control unit 
has an output and is designed such that it produces a warning 
signal at its output when the time difference value exceeds a 
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predetermined threshold value, ^ ^ccordina to this 
dGvclopmont aspect of the invention , the rail vehicle driver is 
made aware of the time delay, so that he can specifically 
improve his driving behavior-; — i- #. If ^ on the other hand, the 
delay is due to a technical reason in the rail vehicle, then, if 
the warning signals occur once or more, the device and/or the 
drive controller for the rail vehicle must should be technically 
inspected and/or serviced. 

A nnnnnd n dvn n tnaooun do vclopmcnt A ccording to vet a nother 
aspect of the device Qccording to the invention providco for^ 
the control unit to bc is designed such that it forms a delay 
value using at least the rcopcctivcly m ost recently formed time 
difference value, and determines the rcopcctivoly m ost recent 
recommended drive switching-of f time furthermore taking into 
account thio the delay value which has been formed. In thio 
OGGond dcvQlopmcnt, — fefe eThe switching-of f signal is thus formed 
using a delay value i thio . The delay value advantageously 
allows, for example, the reaction time (which is always present) 
of the rail vehicle driver 
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to be taken into account, with this being the time which alwayo 
passes between the occurrence of the switching-of f signal and 
the rail vehicle driver producing the actual switching-of f 
command. Specifically, if this reaction time is taken into 
account, then minimum or optimum energy consumption can be 
achieved despite the unavoidable occurrence of this delay time. 

The rcGommQndQd p referable drive switching-of f time can be 
obtained in a particularly simple, and hence advantageous 
manner, using the delay value if the control unit is designed 
such that it first of all calculates an auxiliary switching-of f 
time, taking account of the determined distance, the determined 
remaining traveling time, a speed measured value which indicates 
the speed of the rail vehicle, and predetermined coasting data, 
which describes the coasting behavior of the rail vehicle when 
the drive is switched off, from which auxiliary switching-of f 
time the rail vehicle will reach the intended next stop on time 
in accordance with the respective timetable without being 
driven, and then forms the difference between the auxiliary 
switching-of f time and the delay value to determine an advanced 
drive switching-of f time, and treats the advanced drive 
switching-of f time as the recommended drive switching-of f time. 

In order to achieve short traveling times for the rail vehicle 
overall, it is rrnnornl 1 v nnnnn nar^^/ p ref arable to avoid the rail 
vehicle coming to rest just by coasting to the stop since, 
specifically, in some circumstances coasting at very low speeds 
may cost a large amount of time. For this reason, the rail 
vehicle is generally braked in accordance with a predetermined 
braking profile on reaching a minimum speed. In order to take 

account of this situation, eee development — ti=ie dcvicQ 

according to an aspect of the invent ion providco — that^ the 
control unit is designed such that it determines the recommended 
drive switching-of f time by additionally taking into account a 
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predetermined braking profile and a predetermined minimum speed 
which, if undershot, would result in the rail vehicle being 
braked in accordance with the predetermined braking profile i«r 
the — phaoQ — when it is approaching the next stop without being 
driven. 

The invention likcwioc rclatCQ to a method ao claimed in 
tho prccharactorizing clauoc of the method claim 7. A method 
ouch ao thio can likov i yioc be found in the US Patent 
Specification cited initially -Againot the baclcground of thio 
method, — the invention io baocd on the object of further 
Hnvnlopmont nuch that also discloses discrepancies between the 
actual vehicle behavior and the recommended vehicle behavior 
detected reliably. 

According to the invention, thio object io achieved by the 
characterizing featureo of the method claim 7. — In termo of their 
content, the advantageo of thio method can be found in the above 
otatcmcnto relating to the device according to the invention and 
to ito dcvclopmento and further dcvelopmento ; — opccif ically , — 
advantageo of the device according to the invention apply in a 
corrcoponding manner to the method according to the invention. 
The oame applieo to the advantageo of the dcvclopmento of the 
method according to the invention which are dcocribcd in claimo 
8 to 11. The invention aloo covero an arrangement — (oce claimo 12 

and 13) — uoing a device according to the invention ao dcocribcd 

above nnd unina anofcher aspect of -bhe inventio n , -there is an 

evaluation device which is connected to a data output of the 
r | oTr-i nn nnnnrding tn the invention , which reads the stored actual 
drive switching-of f time 
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and the respective associated, recommended drive switching-of f 
time from the device according to the invention ;, and forms a 
time difference value by forming the difference between the 
actual drive switching-of f time and the associated recommended 
drive switching-of f time. The evaluation device may^ in this 
case^ be an evaluation device on the track side which, for 
example, is connected via a wire link or a radio link to the 
data connection of the device according to the invention. The 
Qdvantagco of this arrangement can be found in the above 
otatcmcnto relating to the device according to the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to explain the invention, — a f igurc Fioure 1 shows 
eftean exemplary embodiment of a device according to the 
invent ionT — by meano of v/hich the method according to the 
invention can be carried out and which io suitable for the 
arrangement according to the invention . 

nignP3iTT.Ti!n ni ssCRIPTION OF THE PREFERRED EMBODIMENTS 

The fiaurc Fiaure 1 shows a device 5 for a rail vehicle, 
which is not illustrated, with a control unit 10, having one of 
v^rhooe inputs ElOA ie— connected to a measurement device 15. The 
measurement device 15 may be, for example, a oo - called^ 
odometer which uses the wheel revolutions of the rail vehicle to 
determine the respective speed of the rail vehicle and the 
distance which has already been traveled in each case, and hence 
to determine the respective location S of the rail vehicle. A 
timer^ which is in the form of a clock ^20 , and transmits the 
respective real time t as a time measured value to the control 
unit j ^lO . is preferably arranged upstream of the control unit 
10, at a further input ElOB of the control unit 10. 
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An additional input ElOC of the control unit 10 is preferably 
connected to a memory 25, in which route data and a timetable 
with which the rail vehicle is bound to comply are permanently 
stored. Furthermore, the memory 2 5 oontainp includes coasting 
data AD, which describes the coasting behavior of the rail 
vehicle when the drive is switched offi — thio . The coasting data 
AD may be, for example, previously measured data, which has been 
measured in advance while the rail vehicle was coasting, that is 
to oay with the drive switched off. 

The control unit 10 furthermore fea ^mav have a supplementary 
input ElOD, at which an actual value signal Si, which indicates 
the actual drive switching-of f time, can be applied to the 
control unit 10. The supplementary input ElOD of the control 
unit 10 at the same time forms a data input E5 for the device 5. 

The control unit 10 -ar emay also be equipped with a data 
output DIO, at which data and/or data signals which is or are 
stored in a memory (not illustrated) of the control unit 10 can 
be read, for example using an evaluation device (not 
illustrated) (personal computer or some type of data processing 
system) . 

One output AlO of the control unit 10 leads to an output 
device 30. 

The device 5 can be operated as follows: 
1. —Initial operation of the device 5—: 

First of all , the measurement device 15 and the clock 20 
are preferably checked by the control unit i-9v — jr ftlO . In the 
process, a location measured value S^^ which indicates the 
respective location of the rail vehicle, a speed measurement 
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variable which indicates the respective speed of the rail 
vehicle, and a time measured value which indicates the 
respective real time are transmitted to the control unit 10. 

The control unit 10 then preferably reads from the memory 
25, as route details or route data, the location SO of the 
respective next stop and a nominal arrival time t O; thcO. The 
nominal arrival time tO in this case indicates the real time at 
which the rail vehicle should have reached the respective next 
stop. Furthermore, the control unit 10 checks the coasting data 
AD stored in the memory 25- 

A recommended drive switching-of f time tab,nom is then 
determined from the nominal arrival time tO, the location 
measured value S, the location SO of the next stop, the speed V 
and the coasting data AD for the rail vehicle, from which 
recommended drive switching-of f time tab,nom the rail vehicle 
will reach the next stop with its drive switched off, utilizing 
its kinetic energy and in accordance with the modified 
timetable . 

In order to achieve short rail vehicle traveling times 
overall, it is generally necessary to avoid the rail vehicle 
coming to rest just by coasting to the stop, since, 
specifically, coasting at very low speeds may in some 
circumstances cost a large amount of time. For this reason, once 
its speed falls below a predetermined minimum speed, the rail 
vehicle is generally braked in accordance with a predetermined 
braking profile. In order to take account of this situation, it 
is also possible to provide for the recommended drive switching- 
of f time tab,nom to be determined in the computation unit 10 
while also taking into account the predetermined braking profile 
and the predetermined minimum speed. 
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The way in which the recommended drive switching-of f time 
tab,nom can be determined using these input parameters - that is 
to oay 
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the nominal arrival time tO, the location measured value S, the 
location SO of the next stop, the speed V and the coasting data 
AD, possibly together with any predetermined minimum speed and 
any predetermined braking profile - is described in detail in 
the US Patent Specif ication 5,239, 472 v i yhich v^ao cited initially; 
the content of thio US Patent Specification 5,239,472 io thuo a 
pnr^t n-F thin Hnnnr ipt ion . N o , 5,239,472- The c ontenl: of the M72 
patent is herebv incorpora'bed by reference. 

Once the recommended drive switching-of f time tab,nom has 
been determined, it is stored in the memory, which is not 
illustrated, of the control unit 10. Furthermore, the control 
device 10 forms a drive signal ST for the output device 
^fefe eSO . The output device 30 then preferably produces a 
switching-of f signal, which indicates the drive switching-of f 
time. As in the case of the already known device mentioned 
initially, thio the, switching-of f signal may be, for example, a 
visual indication which, by displaying the term "coast", signals 
that the coasting process can be started-? — inatcad. Instead of 
this, this may also be an indication which displays or indicates 
the drive switching-of f time visually and/or audibly in the form 
of a time indication. 

Once the device 5 has produced the switching-of f signal, it 
then waits at its data input E5 for an actual value signal Si 
which indicates the actual drive switching-of f time tab,act-r 
^^h e- The actual value signal thus indicates when the drive of 
the rail vehicle was actually switched off by the rail vehicle 
driver. An actual value signal Si such as this may be produced, 
for example, by a monitoring device which is not shown in the 
figure, is connected to the data input E5 of the device 5 and to 
the drive of the rail vehicle, and 
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in each case forms a logic output signal with a logic 
"1" as the actual value signal Si, and emits this to the device 
5, when the drive of the rail vehicle is switched off, and which 

in each case forms a logic output signal with a logic 
"0" as the actual value signal Si, and emits this to the device 
5, when the drive of the rail vehicle is switched on. 

The device 5, or the control unit 10, then uses a signal 
change from a logic "0" to a logic "1" to identify the fact that 
the drive of the rail vehicle has been switched off; the time of 
the signal change thus corresponds to the actual drive 
switching-of f time tab, act. Since the actual drive switching-of f 
time tab, act is contained as information (signal change) in the 
actual value signal Si, the reference symbol tab, act has been 
applied to the input E5 of the device 5 in the figure. 

The control unit 10 stores this actual drive switching-of f 
time tab, act in its memory, and then uses the actual drive 
switching-of f time tab, act and the recommended drive switching- 
of f time tab,nom to form, by subtraction, a time difference 

value At: 

At = tab, act - tab,nom. 

The control unit 10 then compares the time difference value 
At with a predetermined threshold value which, for example, may 
be one second, and produces a warning signal WS at its output 
AlO if the time difference value At is greater than the 
predetermined threshold value i the . The warning 
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signal Ws is then emitted in suitable form^ for example 
visually or audibly, by the output device 30. 

Furthermore, the control unit 10 uses the time difference 
value At to form a delay value V in accordance with 

V = a * At 

where a is a factor between zero and unity. The following 
section explains how the factor a can be chosen. 

The delay value V is stored by the device 5, for example in 
the memory 25. 

2 . -^Further operation of the device 5 once a delay value V 
has been determined and has been stored in the device 5—: 

If a stored delay value V is already available, the 
procedure for forming the switching-of f signal is different to 
that described above / thio . This is because, in addition, the 
stored delay value V, as determined in the respective previously 
carried out drive switching-of f cycle, is also taken into 
account in the calculation of the recommended drive switching- 
off time. Specifically, an auxiliary switching-of f time is 
initially determined once for this purpose, to be precise using 
the nominal arrival time tO, the location measured value S, the 
location SO of the next stop, the speed V and the coasting data 
AD, possibly together with any predetermined minimum speed and 
any predetermined braking profile ; thQ . s__The auxiliary 
switching-of f time is in this case determined in the same way as 
the determination of the recommended switching-of f time when no 
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delay value V is yet available or has yet been stored (see the 
description relating to item j^- ^l^^— Initial operation of the 
device 5—) . 

The recommended drive switching-of f time tab,nom is then 
formed in the control unit 10 using the auxiliary switching-of f 
time and the delay value V using: 

tab,nom = taux - V 

where taux denotes the auxiliary switching-of f time. 

The recommended drive switching-of f time tab,nom is thus 
advanced by the time interval which is defined by the delay 
value V, considered figuratively, with respect to the actually 
"correct" auxiliary switching-of f time taux. If the factor a is 
in this case equal to unity, then this means that the drive 
switching-of f time is advanced by the time difference value At; 
the factor a = 1 should thus be chosen when it can be assumed 
that the reaction time of the rail vehicle driver is largely 
constant. If, however, it can be expected that the reaction time 
of the rail vehicle driver to the next switching-of f command may 
be shorter than that when the drive was respectively most 
recently switched off, then the factor a should be chosen to be 
somewhat less than unity, in order to avoid the drive being 
switched off too early. 

Once the recommended drive switching-of f time tab,nom has 
been determined, the switching-of f signal is produced in the 
manner already described in item , Initial operation of the 

device 5 " . 5 . 
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Furthermore^ it is also possible to determine the 
recommended drive switching-of f time taking account of a number, 
or else of all, the respective previously formed time difference 
values-;^ — ge ^. For example, the delay value V can be formed as a 
mean value - or possibly also as a weighted mean value - for 
this purpose: 

V = a * 7^(Arf*W) 

where Ari denotes the stored previously formed time 
difference values and bi denotes weighting factors by means of 
which it is possible, for example, to decide that more recent 
time difference values are taken into account to a greater 
extent than older time difference values. 

At its data output DIO the control unit 10 emits data 
signals which indicate the actual drive switching-of f time 
tab, act and the respective associated, recommended drive 
switching-of f time tab,nom. These data signals, and hence the 
GorrGPondina correspondina times, can thus be read at the data 
output DIO, by a downstream evaluation device. This evaluation 
device may be, for example, a device on the rail side, which is 
connected via a radio link or some other type of data link to 
the device 5 and/or to the data output DIO of the control unit 
10. 

A statistical evaluation of all the data stored in the 
control unit 10 can thus be carried out in the evaluation 
device; specifically, all the actual drive switching-of f times 
tab, act and all the respective associated, recommended drive 
switching-of f times tab,nom can thus be evaluated, for example 
in order to check whether the device 5 is operating correctly. 



